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[57) ABSTRACT

An electric welding robot (1) is disclosed. The robot
comprises a projecting arm (9) movable horizontally
and vertically (X, Z) and a first and a second rotating
arms (19, 22) rotatable about vertical axis (E, F). The
arms (9, 19, 22) are articulated with one another, and the
second rotating arm (22) carries a welding electrode
(29). The movement of the arms (9, 19, 22) are con-
trolled by means (5, 8, 20, 23) to position the electrode
(29) at desired positions and in desired directions for
carrying out welding easily in any direction. The said
means include second means (23) for rotating the sec-
ond arm (22) forcibly about the axis (F) when necessary
and automatically and mechanically clockwise about
the axis (F) through an equal angle (a) when the first
arm (19) is rotated forcibly by the first means (20) anti-
clockwise about the axis (E) through an angle (a).

9 Claims, 4 Drawing Sheets
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1

ELECTRIC WELDING ROBOT AND A METHOD
FOR WELDING BY USING THE ROBOT

DESCRIPTION

1. Technical Field

The present invention relates to an electric welding
robot comprising a plurality of arms articulated with
one another and to a method for welding by using the
welding robot. |

2. Background Art

In the prior art known is a welding robot, which has
a plurality of rotating arms articulated with one another
to move its welding electrode horizontally and verti-
cally.

For the welding robot of the prior art, positioning of
the electrode at desired locations is controiled by rotat-
ing or moving the said arms independently by respec-
tive motors.

However, it 1s difficult to control the said arms at the
same time for welding in a particular direction, and

therefore it requires special controlling means and costs
much.

DISCLOSURE OF INVENTION

It 1s therefore the primary object of the present inven-
tion to provide an electric welding robot which carries
out welding easily in any direction.

It 1s also an object of the present invention to provide
a method for carrying out welding easily in any direc-
tion.

The electric welding robot of the present invention
comprises a projecting arm mounted on a support to
move vertically and horizontally; a first rotating arm
articulated with the projecting arm; a second rotating
arm articulated with the first rotating arm; a head hav-
ing a welding electrode, being connected to its support-
ing elements one of which is fixed to the second rotating
arm; first means for rotating the first rotating arm about
a first vertical axis with reference to the projecting arm,
and second means for rotating the second rotating arm
about a second vertical axis with reference to the first
rotating arm, the said supporting elements positioning
the top end of the welding electrode on the said second
vertical axis. |

Particularly, the second means for rotating the sec-
ond rotating arm includes a motor fixed not to rotate
about the first vertical axis and transmission means both
of which cause a mechanically and automatically syn-
chronous rotation of the second rotating arm about the
second vertical axis through an equal angle in the oppo-
site direction when the first rotating arm is rotated forc-
ibly by the said first means about the first vertical axis
through an angle in a direction.

The method of the present invention for welding by
using this welding robot comprises steps of rotating the
second rotating arm with reference to the first rotating
arm through a desired angle when necessary so that the
second arm faces in a desired direction, and rotating of
the first arm about the first vertical axis through an
angle 1n a direction with a mechanically and automati-
cally synchronous rotation of the second arm about the
second vertical axis through an equal angle in the oppo-

site direction effected by the said rotation of the first
arm.
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2
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a side view of an electric welding robot
according to the present invention.

FIG. 2 is a top plan view of the electric welding robot
shown in FIG. 1.

FIG. 3 is a partially sectional side view showing
means for rotating two rotating arms of the welding
robot. -

FIGS. 4a)-4(e) are explanatory drawings to show
movements Of three arms of the welding robot.

BEST MODE FOR CARRYING OUT THE
INVENTION

The invention will now be described in detaill with
reference to the attached drawings.

In FIGS. 1 and 2, there i1s shown a welding robot 1
according to the present invention. The welding robot 1
includes an electronic control unit 40 and a support 2.
The support 2 carries at its top a rectilinear guide beam
3 disposed parallel to the X axis. A slide 4 i1s mounted
slidably on the guide beam 3. The slide 4 is driven by a
driving unit § of known type. The slide 4 fixedly carries
a pair of vertical guides 6 parallel to the Z axis, along
which slides a second shide 7 by means of another driv-
ing unit 8 also of known type.

In FIGS. 1-3, the shide 7 is provided with a project-
ing arm 9. A first rotating arm 19 is pivoted at its one
end by means of a shaft 68 with an end of the projecting
arm 9. The first rotating arm 19 is rotated about a first
vertical axis E of the shaft 68 by first means 20 including
a motor 62 supported by the projecting arm 9, a gear 63
of the motor 62, a plurality of transmission gears 64, and
a gear 65 of the shaft 68. The gear 65 is fixed to the shaft
68 which is rotatably supported in the arm 9. The gear
65 1s also fixed to the arm 19 with connecting members
69.

A second rotating arm 22, which 1s short, is pivoted at
its one end by means of a shaft 78 with another end of
the first rotating arm 19. The shaft 78 is rotatably sup-
ported in the first arm 19. There is another shaft 74
disposed in the first arm 19. The axis of the shaft 74 is
matched with the first vertical axis E of the shaft 68
which connects these two arms 9, 19 with each other
through the gear 65. The shaft 74 i1s supported and
rotatable freely in the first arm 19 and is provided with
a toothed pulley 78 fixed to it at its one end and at the
other end connected to a motor 72 through worm gears
73. The motor 72 1s fixed to the projecting arm 9 with
connecting means 79 to prevent its rotation about the
first vertical axis E. The shaft 78 is also provided with a
toothed pulley 77 fixed to it. A toothed belt 76 is dis-
posed between two pulleys 77 and 78 to transmit the
rotation of the motor 72 when 1t is driven. One end of
the second rotating arm 22 is fixed to the bottom part of
the shaft 78, and therefore the arm 22 can be rotated
about an axis F with reference to the first arm 19 by
second means 23 comprising the motor 72, worm gears
13, shafts 74, 78, the toothed belt 76 and the toothed
pulleys 78, 77.

As it will be described later in detail, the second
rotating arm 22 is rotated about the second vertical axis
F in the opposite direction (clockwise) mechanically
and automatically by a synchronized function of the
second means 23 when the first rotating arm 19 is ro-
tated forcibly by the first means 20 about the first verti-
cal axis E in a direction (anti-clockwise) as shown in
FI1G. 4¢, if the motor 72 of the second means 23 1s deac-
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tivated and also fixed not to rotate about the first verti-
cal axis E and therefore the shaft 74 is fixed there with-
Out rotating notwithstanding the rotation of the first
~ rotating arm 19.

At the other end the second rotating arm 22 fixedly
carries a columnar arm 24 which extends from the said
end downwards parallel to the Z axis (FIG. 1). At the
lower end of the arm 24 connected is a fork 25 which
carries a head 26 on an axis H which is perpendicular to
the axis F. The head 26 can be rotated about the axis H,
by means of an angular position driving unit 28. The
head 26 carries a rectilinear welding electrode 29 which
extends from the head 26 and terminates with an end 30
which is exactly on the projection line of the axis F
when the electrode 29 is disposed perpendicularly to
the axis F itself. .

The head 26 is further provided with a laser vision
sensor 31 which can turn about electrode 29, and which
Is orientated with its field of vision in a region close to
the top end 30 of the electrode 29, conveniently as
described in Italian Patent Application No. 67106-A /88
filed Feb. 15, 1988 and the contents of which are incor-
porated herein by reference.

With reference to FIG. 4, 2 method of present inven-
tion for welding is described now in detail.

FIG. 44 is a simplified plan of
FIGS. 1 and 2. Three arms 9, 19, 22 are now aligned in
a line. The top end 30 of the electrode 29 is Just on the
projection line of the axis F (FIG. 1), and the electrode
29 extends perpendicularly to a dotted line A-B. When
a welding is necessary for an object 37 along the dotted
hine A-B it is easily carried out by moving the project-
Ing arm 9 horizontally along the guide beam 3.

If the welding line A-B lies on a line A1-B1 as shown
in FIG. 45, it is difficult to carry out the welding by a
conventional welding robot, because rotations and/or
movements for all arms must be controlled. However, it
is carried out easily by the robot of the present inven-
tion. For example, in the first place, the first rotating
arm 19 is rotated anti-clockwise about the first vertical
axis E through an angle of a. At this time, the second
rotating arm 22 would move together with the first arm
19 as shown in FIG. 45 if the welding robot 1 is not
provided with the second means 23, or the motor 72 is
allowed to rotate about the first vertical axis E. When
the shaft 74 is locked in the first arm 19 by deactivating
the motor 72 which is fixed to the projecting arm 9 with
fixing members 79 not to rotate about the first vertical
axis E and when the first arm 19 is rotated forcibly by
the first means 20 about the first vertical axis E through
an angle of a anti-clockwise, tensile force T caused on
the transmission belt 76 automatically rotates the pulley
78 and therefore the second arm 22 about the second
vertical axis F through an equal angle of a clockwise,
which is synchronized with the said rotation of the first
arm 19 as shown in FIG. 4¢, if the two pulleys 75, 77 are
equal to each other in diameter.

Then, the projecting arm 9 is moved horizontally by

the welding robot of
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a distance d, and the welding is initiated with rotating of 60

the first arm 19 and/or moving of the projecting arm 9.

When a welding is necessary along a line B-C shown
in FIG. 44, the second arm 22 is rotated through a
desired angle by activating the motor 72 so that the
electrode 29 faces in a direction perpendicular to the
line B-C, and the first arm 19 is rotated through a de-
sired angle of 8 (FIG. 4¢) by the first means 20 At this
time, the second arm 22 is held automatically with the

65
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electrode 29 facing in the same direction perpendicular
to the welding line B-C.

Industrial Applicability

Welding is carried out easily in any direction by using
the welding robot and the welding method of the pres-
ent invention.

I claim: :

1. A method for welding by using a welding robot
which includes: a projecting arm, a first rotating arm
rotatably mounted on said projecting arm about a first
axis, a second rotating arm rotatably mounted on said
first rotating arm about a second axis parallel to said
first axis, a welding head mounted on a free end of said
second rotating arm, a first pulley mounted on said
projecting arm and substantially centered on said first
axis, a second pulley fixed to said second rotating arm
and substantially centered on said second axis, a diame-
ter of said second pulley being substantially equal to
that of said first pulley, and a transmission belt extend-
ing between said first pulley and said second pulley:

said method comprising the steps of;

stopping said first pulley with respect to said project-
ing arm,

rotating said first rotating arm with respect to said
projecting arm such that said second rotating arm
undergoes an equal angular counterrotation to the
rotation of said first rotating arm, and

effecting a welding by using said welding head.

2. A welding robot comprising:

a projecting arm;

a first rotating arm rotatably mounted on said pro-
jecting arm about a first axis:

a first driving means for rotating said first rotating
arm (19) with respect to said projecting arm:

a second rotating arm rotatably mounted on said first
rotating arm about a second axis parallel to said
first axis:

a welding head mounted on a free end of said second
rotating arm,

a first pulley mounted on said projecting arm and
substantially centered on said first axis;

a second driving means for rotating said first pulley
with respect to said projecting arm:

a second pulley fixed to said second rotating arm and
substantially centered on said second axis, a diame-
ter of said second pulley being substantially equal
to that of said first pulley;

a transmission belt extending between said first pulley
and said second pulley: and

a control means for deactivating said second driving
means to stop said first pulley with respect to said
projecting arm and said first driving means to ro-
tate said first rotating arm with respect to said
projecting arm such that said second rotating arm
undergoes an equal angular counterrotation to the
rotation of said first rotating arm. |

3. A welding robot according to claim 2, further
comprising:

4 motor secured to said projecting arm:;

a worm gear connected to an output shaft of said

motor;

a first shaft centered on said first axis, connected to
said worm gear, and fixed to said first pulley;

a second shaft centered on said second axis, fixed to
said second pulley, and secured to said second arm.

4. A welding robot according to claim 2, further
comprising:
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a support provided with said projecting arm, said
projecting arm being slidable with respect to said
support in a direction perpendicular to said first
axis;

a supporting element fixed to an end of said second
rotating arm;

a head fixed to an end of said supporting element:

a welding electrode mounted on said head, a top end
of said welding electrode positioned on said second
axis; and

a means for rotating said first rotating arm with refer-
ence to said projecting arm.

5. A welding robot according to claim 4, wherein said

pulleys and belt are toothed.
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6. A welding robot according to claim 2, wherein said
second rotating arm is short in length and is fixed rigidly
to a columnar arm.

7. A welding robot according to claim 2, wherein said
head is rotatable about a third axis perpendicular to said
second axis.

8. A welding robot according to claim 2, further
comprising a laser vision sensor near said electrode, said
laser vision sensor being oriented with its field of view
in a region close to said end of said electrode.

9. A welding robot according to claim 2, wherein said
first driving means includes a motor, said second driv-
ing means includes a motor, and said control means

includes a control unit.
] *x % ¥ x
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